Pyrrolnitrin inhibits the syntheses of protein, RNA and DNA to almost the samedegree.
It also inhibits respiration but this site does not seem to be the primary action.
It Fig. 1 and Table 1 show that the growth of Candida utilis is inhibited by pyrrolnitrin (10 mcg/ml). The lethal effect is not rapid. The shape of the treated cells with pyrrolnitrin duriug 2 hours was slender arid its protoplasm seemed not to be homogeneous, i. e., spotted. Fig. 2 shows that pyrrolnitrin inhibits the synthesis of protein and nucleic acids to almost the same degree. The same results were obtained in other micro-organisms (Penicillium chrysogenum, Rhodopseudomonas spkeroides, Bacillus megaterium). Fig. 3 shows the primary action of pyrrolnitrin not to be the site of respiration.
Effect on Growth, Protein Synthesis and Nucleic Acid Synthesis
Because the inhibitory concentration of pyrrolnitrin of the respiration was a little higher than that of pyrrolnitrin on the growth, and at 50mcg/ml of pyrrolnitrin the respiration was completely inhibited at first but it was restored soon after 10 minutes. 
Effect on the Biosynthetic Pathway of Porphyrin Because pyrrolnitrin
has a pyrrol ring, we investigated the possibility of that it affects the formation of the pyrrol ring or of tetrapyrrol.
End products of this pathway are hemes and chlorophylls.
Here we examined the chlorophyll formation of Rhodopseudomonas spheroides.
This bacterium is Gram-negative and can grow THE JOURNAL OF ANTIBIOTICS APR. 1969 aerobically and anaerobically (photosynthetically). The growth of this strain is inhibited by 10 mcg/ml pyrrolnitrin, both aerobically and anaerobically. Plotting the ratio of the amount of chlorophyll against the cell turbidity, chlorophyll synthesis was seen to be slightly inhibited by pyrrolnitrin (Fig. 4) . We investigated the effect of pyrrolnitrin on the conversion of £-aminolevulinic acid into coproporphyrinogen, because we considered this conversion was the most possible step influenced in the presence of pyrrolnitrin from the viewpoint of the structure of pyrrolnitrin.
In intact cells, the conversion was inhibited by pyrrolnitrin ( Fig. 5 ), but in cell-free systems the inhibition was not clear ( Light grown cells (log phase) were harvested and washed twice with 0.9 % NaCl. Alumina powder (1.5 g) was added to grind the cells (dry weight 100mg).
Enzyme was extracted in 3 ml of m/10 phosphate buffer (pH 7.6) containing 0.9 % NaCl. By centrifugation at 10,000g for 30 minutes, the residue and alumina were taken away and the supernatant was obtained as the enzyme solution. we could not see the inhibitory action of pyrrolnitrin, although pentachlorophenol showed its inhibitory action (Table 3) . We concluded that pyrrolnitrin's action is not on oxidative phosphorylation.
Effect on the Cell Membrane
Cell membrane damage by pyrrolnitrin is measured by examining the effect of the antibiotic on cell permeability.
At first, the active transport of amino acids is inhibited, as shown in Fig. 6 . Moreover the leakage of cellular substances (260 mju absorbing materials) was observed in the presence of p yrrolnitrin (Fig.  7) . The value of A260m^absorbing materials at 120 minutes was about 30% of the total free pool (hot water extractable fraction). Based on these results, we feel that pyrrolnitrin acts by injury of the cell membrane.
Effect on the Protoplasts of Bacillus megaterium KM Strain
To examine directly the effect of the antibiotic on the cell membrane, protoplasts which are free of cell walls seemed to be one of the best experimental materials. The protoplasts p repared by us were very stable but we used them as soon as possible. Fig. 8A shows that at high concentration of pyrrolnitrin protoplast bursting was immediate and rapid but at low concentration it was delayed and slow. Fig. 8B shows the relationship of the bursting velocity of protoplast to the concentration of pyrrolnitrin.
In Fig. 8C , the time required for the initiation of the bursting was plotted against the concentration of pyrrolnitrin. 7. Effect of the Temperature on Protoplast Lysis Fig. 9 shows that the protoplast bursting by pyrrolnitrin is dependent on the temperature though the solublity of the antibiotic in the reaction mixture dose not vary at 5~30°C. The solubility was measured by the absorbancy of the solution at 260 m/z, the absorption maximumof ultraviolet spectra of pyrrolnitrin. In contrast, a surfactant, Tween 20, is almost independent of temperature in its lytic action on protoplast bursting.
This indicates that the protoplast bursting action of pyrrolnitrin is not identical with that of a surfactant. Moreover, the surface tension of water examined by the drop method6) was not decreased by pyrrolnitrin.
Effect of pH on Protoplast
Bursting by Pyrrolnitrin Fig. 10 shows that the bursting action by pyrrolnitrin is greater at an acidic pH than at an alkaline one. Pyrrolnitrin is neutral and not easy to solubilize much in water, and we cannot increase the solubility in acid.
Effect of Some Inhibitors of Energy-producing Systems on the Protoplast
Bursting Action
The action of pyrrolnitrin was not influenced by KCN, NaN3 and pentachlorophenol, which did not burst the protoplasts in itself (Table  4) . we used cytochrome G and ovalbumin as a pure protein (Fig. ll) . Fatty acids of the lipids did not decrease the We studied the effect of various protoplast stabilizers on the action of pyrrolnitrin. Table  6 shows the results.
In each case the protoplasts were stable and the decrease at Asssm^was not observed during 60 minutes in the absence of pyrrolnitrin.
In 5 % sucrose used as the stabilizer, the concentration of pyrrolnitrin to burst the protoplasts decreased to be 25 mcg/ml, and in 1% NaCl the protoplasts were bursted slowly at the concentration of the growth inhibition (15 mcg/ml). Therefore the concentration for growth inhibition is the same as that for protoplast bursting.
Discussion
We consider that the primary action of pyrrolnitrin is an attack on the cell membrane, by combination with the phospholipids. Our results were obtained on Gram-positive bacteria and the action on fungi remains to be determined.
The fact that the content of phospholipids in the cell membrane of Gram-positive bacteria (pyrrolnitrin sensitive) is less than that of Gram-negative bacteria (pyrrolnitrin resistant) and the data that pyrrolnitrin was neutralized with phospholipids, may explain why pyrrolnitrin exerts its action most strongly against fungi, less against Gram-positive and least against Gram-negative bacteria. We are now investigating the nature of the complex between pyrrolnitrin and phospholipids.
